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Xanthomonas campestris is seedborne (3, 5, 7) , and infested seed is an important source of inoculum (2, 4, 8, 14, 15) . Several methods have been described for detecting the pathogen in or on seeds (1, 9, 11, 13) , but the number of infested seeds needed to initiate black rot in the field has not been determined. This information is essential to establish a minimum allowable percentage of seed infestation. This study was designed to determine the relationship of amounts of seed infestation to disease incidence in the field.
MATERIALS AND METHODS
Seed source and preparation. Danish Ballhead cabbage seeds were obtained from Alf Christianson Seed Co., Mount Vernon, WA. No infested seeds were found in a sample of 50,000 seeds assayed by the direct SX agar (10) plating technique (9). The germination was 92.0% and 10,000 seeds weighed 40 g. Green Comet broccoli seeds were obtained from seed plants inoculated with X. campestris. Ten percent of the broccoli seeds were infested with X. campestris as determined by the direct SX agar plating technique (9). The following amounts of infestation were prepared by mixing seeds in the following proportions: 1) 1,000 broccoli and 9,000
This research was a joint project under North Central Regional Project NCR-100. 00191-2917/80/000020$03.00/0 01980 American Phytopathological Society cabbage seeds (1.0% infestation), 2) 100 broccoli and 9,900 cabbage seeds (0.1% infestation), 3) 10 broccoli and 9,990 cabbage seeds (0.01% infestation), and 4) 10,000 cabbage seeds (0.0%). The seeds were mixed and then treated with a captan-ceresan mixture (about 1 g/40 g seed) to control seedborne fungi. For the 1976 test, four samples of each seed lot were assayed for X. campestris and four duplicate samples were sent to Charleston, SC, for planting. For the 1977 test, the samples with 1.0% infested seeds were eliminated and five samples of all other lots were assayed and duplicate samples sent to Charleston for planting.
Laboratory assays. Seeds were washed in Micro detergent (International Products Corp., Trenton, NJ), surfacedisinfested in a 1.0% solution of sodium hypochlorite, washed twice in sterile distilled water, dried, and plated onto SX agar as previously described (9).
Field plots. A field of fine sandy loam was fertilized with 913 kg/ha of a granular 10-10-10 formulation and 1.8 m X 33 m beds were prepared with a Ferguson Til-O-Vator. Each plot contained one sample (10,000 seeds) and consisted of three beds with three rows per bed. Each plot was separated from every other plot by 15.2 m in 1976 and by 27.4 m in 1977. The experimental design was a randomized block. Seeds were sown on 15 March using a Stanhay precision planter. A preemergence treatment of Vegedex (CDEC) was applied at 3.5 kg/ha. When the first true leaf of the cabbage seedlings developed to about 15 mm in diameter, Tok (nitrogen) herbicide was broadcast at 6.8 kg/ha. Lannate (methomyl) and Dipel (Bacillus thuringiensis) at 0.62 kg/ha were used to control insects.
Disease incidence was determined by counting the number of plants with symptoms of black rot 8, 13, and 17 wk after planting.
RESULTS
Laboratory assays showed X. campestris in all samples with 1.0% and 0.1% infestation but not in all samples with 0.01% (Table 1 ). In the samples with 0.01% of infested seeds, black rot was observed in three of four samples of seed sown in the field (mean of 2.25 diseased plants per sample) and the pathogen was detected in two of four samples in the laboratory assays.
The first symptoms of black rot were not observed until 6 wk after sowing. Initially (8 wk), no infected cabbage seedlings were observed; all diseased seedlings were broccoli. During 1976, the amount of disease resulting from the different amounts of seed infestation was not significantly different after 13 wk (Table 2 ). All treatments resulted in a relatively high incidence of infected plants. In 1977, however, an initial seedling infection of one plant per 10,000 seeds resulted in significantly fewer infected plants than did an initial infection of five plants (Table 2) .
DISCUSSION
Although investigators have concluded from field observations that epidemics of black rot can result from infested seed (6, 14) , no data are available that correlate amounts of seed infestation and subsequent incidence of black rot. By sowing seeds with known amounts of infestation, our data show that whereas five diseased seedlings per 10,000 seeds sown can result in a relatively high incidence of black rot, a single diseased seedling will not. Also, we have established that laboratory assays can be used to detect X. campestris infestation at percentages likely to result in severe black rot in the field.
The reason for the large number of diseased plants in our 1976 check plots after 17 wk is difficult to explain. Because no diseased plants were observed in the check plots initially at 8 wk and since the treatments were significantly different at 8 wk but not thereafter, the most likely reason is spread of inoculum from one Plant Disease/January 1980 91
